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Abstract
We calculate the branching ratios of the hadronic Λb decays to η and η
′ in the factorization
approximation where the form factors are estimated via QCD sum rules and the pole model.
Our results indicate that, contrary to B → Kη(′) decays, the branching ratios for Λb → Λη and
Λb → Λη′ are more or less the same in the hadronic Λb transitions. We estimate the branching
ratio of Λb → Λη(′) to be 10.80(10.32) × 10−6 in QCD sum rules, and 2.78(2.96) × 10−6 in the
pole model. We also estimate the nonfactorizable gluon fusion contribution to Λb → Λη′ decay by
dividing this process into strong and weak vertices. Our results point to an enhancement of more
than an order of magnitude due to this mechanism.
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I. INTRODUCTION
For the last few years, different experimental groups have been accumulating plenty of
data for the charmless hadronic B decay modes. CLEO, Belle and BaBar Collaborations are
providing us with the information on the branching ratio (BR) and the CP asymmetry for
different decay modes. A clear picture is about to emerge from these information. Among the
B → PP (P denotes a pseudoscalar meson) decay modes, the BR for the decay B+ → K+η′
is found to be larger than that expected within the standard model (SM). The observed BR
for this mode in three different experiments are [1, 2, 3]
B(B± → K±η′) = (80+10−9 ± 7)× 10−6 [CLEO],
= (77.9+6.2+9.3−5.9−8.7)× 10−6 [Belle],
= (67± 5± 5)× 10−6 [BaBar]. (1)
In order to explain the unexpectedly large branching ratio for B → Kη′, different as-
sumptions have been proposed, e.g., large form factors [4], the QCD anomaly effect [5, 6],
high charm content in η′ [7, 8, 9], a new mechanism in the Standard Model [10, 11], the
perturbative QCD approach [12], the QCD improved factorization approach [13, 14], or
new physics like supersymmetry without R-parity [15, 16, 17]. Even though some of these
approaches turn out to be unsatisfactory, the other approaches are still waiting for being
tested by experiment. Therefore, it would be much more desirable if besides using B meson
system, one can have an alternative way to test the proposed approaches in experiment.
Weak decays of the bottom baryon Λb can provide a fertile testing ground for the SM.
Λb decays can also be used as an alternative and complimentary source of data to B decays,
because the underlying quark level processes are similar in both Λb and B decays. For
example, Λb → Λη(′) decay involves similar quark level processes as B → Kη(′), i.e., b→ qq¯s
(q = u, d, s). In the coming years, large number of Λb baryons are expected to be produced
in hadron machines, like Tevatron and LHC, and a high-luminosity linear collider running
at the Z resonance. For instance, the BTeV experiment, with a luminosity 2 × 1032 cm−2
s−1, is expected to produce 2× 1011 bb¯ hadrons per 107 seconds [18], which would result in
the production of 2×1010 Λb baryons per year of running [19]. One of peculiar properties of
Λb decays is that, unlike B decays, these decays can provide valuable information about the
polarization of the b quark. Experimentally the polarization of Λb has been measured [20].
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In this work, we study Λb → Λη(′) decay. Our goal is two-fold: (i) The calculation of the
BR for Λb → Λη(′) involves hadronic form factors which are highly model-dependent. Using
different models for the form factors, we calculate the BR for Λb → Λη(′) and investigate
the model-dependence of the theoretical prediction. (ii) As an alternative test for a possible
mechanism explaining the large BR for B+ → K+η′, we examine the same mechanism using
Λb → Λη′ decay. Among the mechanisms proposed for understanding the large B(B+ →
K+η′), we focus on a nonspectator mechanism presented in Refs. [10, 11]. In this mechanism,
η′ is produced via the fusion of two gluons: one from the QCD penguin diagram b→ sg∗ and
the other one emitted by the light quark inside the B meson. We calculate this nonspectator
contribution to the BR for Λb → Λη′ in order to examine its validity. If this nonspectator
process is indeed the true mechanism responsible for the large B(B+ → K+η′), then the
same mechanism would affect B(Λb → Λη′) as well. Thus, one can test the validity of this
mechanism in the future experiments such as BTeV, LHC-b, etc., by comparing B(Λb → Λη′)
calculated with/without the nonspectator contribution with the measured results.
We organize our work as follows. In Sec. II, we present the effective Hamiltonian for the
usual ∆B = 1 transition and for the nonspectator process. We calculate the BR for Λb →
Λη(′) decay without considering the nonspectator mechanism in Sec. III. The nonspectator
contribution to Λb → Λη′ is estimated in Sec. IV. We conclude in Sec. V.
II. EFFECTIVE HAMILTONIAN FOR Λb → Λη(′) DECAYS
The effective Hamiltonian Heff for the ∆B = 1 transition is
Heff =
4GF√
2
[
VubV
∗
uq(c1O
q
1u + c2O
q
2u) + VcbV
∗
cq(c1O
q
1c + c2O
q
2c)
−VtbV ∗tq
12∑
i=3
ciO
q
i
]
+ h.c., (2)
where q = d or s, and
Oq1f = q¯αγµLfαf¯βγ
µLbβ , O
q
2f = q¯αγµLfβ f¯βγ
µLbα,
Oq3(5) = q¯αγµLbα
∑
q′
q¯′βγ
µL(R)q′β, O
q
4(6) = q¯αγµLbβ
∑
q′
q¯′βγ
µL(R)q′α,
Oq7(9) =
3
2
q¯αγµLbα
∑
q′
eq′ q¯′βγ
µR(L)q′β , O
q
8(10) =
3
2
q¯αγµLbβ
∑
q′
eq′ q¯′βγ
µR(L)q′α,
O11 =
gs
32π2
mbq¯σ
µνRT abGaµν , O12 =
e
32π2
mbq¯σ
µνRbFµν , (3)
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with f = u or c and q′ = u, d, s, c and L(R) = (1 ∓ γ5)/2. The SU(3) generator T a is
normalized as Tr(T aT b) = 1
2
δab. α and β are the color indices. Gµνa and F
µν are the gluon
and photon field strength, and ci’s are the Wilson coefficients (WCs). We use the improved
effective WCs given in Refs. [21, 22]. The renormalization scale is taken to be µ = mb [23].
The operators O1, O2 are the tree level and QCD corrected operators, O3−6 are the gluon
induced strong penguin operators, and finally O7−10 are the electroweak penguin operators
due to γ and Z exchange, and the box diagrams at loop level. In this work we shall take
into account the chromomagnetic operator O11, but neglect the extremely small contribution
from O12.
Considering the gluon splits into two quarks, the chomomagnetic operator is rewritten in
the Fierz transformed form as
O11 =
αs
16π
m2b
k2
N2c − 1
N2c
[
δαβδα′β′ − 2Nc
N2c − 1
T aαβT
a
α′β′
]
4∑
i=1
Ti, (4)
where
T1 = 2s¯αγ
µLq′β q¯
′
α′γµLbβ′ − 4s¯αRq′β q¯′α′Lbβ′ ,
T2 =
ms
mb
(2s¯αγ
µRq′β q¯
′
α′γµRbβ′ − 4s¯αLq′β q¯′α′Rbβ′ ,
T3 =
(pb + ps)µ
mb
[s¯αγ
µLq′β q¯
′
α′Rbβ′ + s¯αRq
′
β q¯
′
α′γ
µRbβ′ ],
T4 = i
(pb + ps)µ
mb
[s¯ασ
µνRq′β q¯
′
α′γνRbβ′ − s¯αγνLq′β q¯′α′σµνRbβ′ ]. (5)
Here pb and ps are the four-momenta of b- and s-quarks, respectively. Nc denotes the
effective number of colors and k ≡ pb−ps is the gluon momentum. In the heavy quark limit,
k2 = m2b(1 − x), where x is the momentum fraction of η(′). The average gluon momentum
can be estimated [24] as 〈
m2b
k2
〉
=
∫ 1
0
(φη(′)(x)m
2
b/k
2)dx, (6)
where φη(′) is the η
(′) light-cone distribution and its asymptotic form is φη(′) = 6x(1− x).
The effective Hamiltonian for the nonspectator contribution can be obtained by consid-
ering the dominant chromo-electric component of the QCD penguin diagram [11, 25]:
Hnonsp = iCH [s¯γ
µ(1− γ5)T ab](q¯γνT aq) 1
p22
ǫµνρσp
ρ
1p
σ
2 , (7)
where
C =
GF√
2
αs
2π
VtbV
∗
ts[E(xt)− E(xc)] , (8)
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q denotes the spectator quark, and pi (i = 1, 2) are the four-momenta of the two gluons
relevant to the g − g − η′ vertex. The coefficient function E is defined as
E(xi) = −2
3
lnxi +
x2i (15− 16xi + 4x2i )
6(1− xi)4 lnxi +
xi(18− 11xi − x2i )
12(1− xi)3 , (9)
where xi = m
2
i /m
2
W with mi being the internal quark mass. H is the form factor parametriz-
ing the g − g − η′ vertex
Aµν(gg → η′) = iH(p21, p22, m2η′)δabǫµνρσpρ1pσ2 . (10)
Using the decay mode ψ → η′γ, H(0, 0, m2η′) is estimated to be approximately 1.8 GeV−1.
III. Λb → Λη(′) DECAY PROCESS WITHIN FACTORIZATION APPROACH
In general, the vector and axial-vector matrix elements for the Λb → Λ transition can be
parameterized as
〈Λ|s¯γµb|Λb〉 = u¯Λ
[
f1γµ + i
f2
mΛb
σµνq
ν +
f3
mΛb
qµ
]
uΛb,
〈Λ|s¯γµγ5b|Λb〉 = u¯Λ
[
g1γµγ5 + i
g2
mΛb
σµνq
νγ5 +
g3
mΛb
qµγ5
]
uΛb, (11)
where the momentum transfer qµ = pµΛb − pµΛ and fi and gi(i = 1, 2, 3) are Lorentz invariant
form factors. Alternatively, with the HQET, the hadronic matrix elements for the Λb → Λ
transition can be parameterized [31] as
〈Λ|s¯Γb|Λb〉 = u¯Λ
[
F1(q
2) + v/F2(q
2)
]
ΓuΛb, (12)
where v = pΛb/mΛb is the four-velocity of Λb and Γ denotes the possible Dirac matrix. The
relations between fi, gi and Fi can be easily given by
f1 = g1 = F1 + rF2, f2 = f3 = g2 = g3 = F2, (13)
where r = mΛ/mΛb .
The decay constants of the η and η′ mesons, f q
η(′)
, are defined by
〈0|q¯γµγ5q|η(′)〉 = if qη(′)pµη(′) (q = u, s). (14)
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Due to the η − η′ mixing, the decay constants of the physical η and η′ are related to those
of the flavor SU(3) singlet state η0 and octet state η8 through the relations [26, 27]
fuη =
f8√
6
cos θ8 − f0√
3
sin θ0 , f
s
η = −2
f8√
6
cos θ8 − f0√
3
sin θ0 ,
fuη′ =
f8√
6
sin θ8 +
f0√
3
cos θ0 , f
s
η′ = −2
f8√
6
sin θ8 +
f0√
3
cos θ0 , (15)
where θ8 and θ0 are the mixing angles and phenomenologically θ8 = −21.20 and θ0 = −9.20
[27]. We use f8 = 166 MeV and f0 = 154 MeV [21].
The decay amplitude of Λb → Λη′ is given [24] by
〈Λη′|Heff |Λb〉 = 4GF√
2
[
VubV
∗
usa2〈η′|u¯γµLu|0〉〈Λ|s¯γµLb|Λb〉
−VtbV ∗ts
(
2a3 − 2a5 − 1
2
a7 +
1
2
a9
)
〈η′|u¯γµLu|0〉〈Λ|s¯γµLb|Λb〉
−VtbV ∗ts
{
a3 + a4 − a5 + 1
2
a7 − 1
2
a9 +
(
1 +
2pb·q
m2b
)
af
}
×〈η′|s¯γµLs|0〉〈Λ|s¯γµLb|Λb〉
−VtbV ∗tsχη′
(
−a6 + 1
2
a8 − 5
4
af
)
〈η′|u¯γµLu|0〉〈Λ|s¯γµRb|Λb〉
−VtbV ∗tsχη′
(
a6 − 1
2
a8 +
5
4
af
)
〈η′|s¯γµLs|0〉〈Λ|s¯γµRb|Λb〉
]
, (16)
where
ai ≡ ceffi +
1
Nc
ceffi+1 (for i = odd),
ai ≡ ceffi +
1
Nc
ceffi−1 (for i = even),
χη′ =
m2η′
mbms
,
af =
αs
16πk2
m2b
N2c − 1
N2c
c11. (17)
In the above amplitude, we have taken into account the anomaly contribution 1 to the matrix
element 〈η′|s¯γ5s|0〉 [8, 23, 28, 29], which leads to
〈η′|s¯γ5s|0〉 = i
(f sη′ − fuη′)m2η′
2ms
. (18)
The similar expression for the decay amplitude of Λb → Λη can be obtained by replacing η′
by η in the above Eq. (16).
1 This anomaly contribution was not taken into account in Ref. [24].
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The decay amplitude given in Eq. (16) can be rewritten in the general form
M≡ 〈Λη′|Heff |Λb〉 = iu¯Λ(a+ bγ5)uΛb. (19)
The averaged square of the amplitude is
|M|2 = 2(|a|2 − |b|2)mΛmΛb + 2(|a|2 + |b|2)pΛ · pΛb , (20)
where
a = (X + Y )
[
(mΛb −mΛ)f1 +
m2η′
mΛb
f3
]
,
b = (X − Y )
[
(mΛb −mΛ)g1 −
m2η′
mΛb
g3
]
,
X =
GF√
2
[{
VubV
∗
usa2 − VtbV ∗ts
(
2a3 − 2a5 − 1
2
a7 +
1
2
a9
)}
fuη′
−VtbV ∗ts
{
a3 + a4 − a5 + 1
2
a7 − 1
2
a9 +
(
1 +
2pb · q
m2b
)
af
}
f sη′
]
,
Y =
GF√
2
VtbV
∗
tsχη′
(
a6 − 1
2
a8 +
5
4
af
)
(fuη′ − f sη′). (21)
Then the decay width of Λb → Λη′ in the rest frame of Λb is given by
Γ(Λb → Λη′) = 1
16πmΛb
λ
1
2
(
1,
m2Λ
m2Λb
,
m2η′
m2Λb
)∑ |M|2, (22)
where
λ(1, a, b) = 1 + a2 + b2 − 2a− 2b− 2ab. (23)
For numerical calculations, we need specific values for the form factors in the Λb → Λ
transition which are model-dependent. We use the values of the form factors from both the
QCD sum rule approach [30] and the pole model [31, 32]. In the QCD sum rule approach,
the form factors F1 and F2 are given by
F1 = −e
2Λ¯/M+m2Λ/T
2fΛbfΛ
∫ νc
0
dν
∫ 2νz
0
dsρ1perte
−s/T−ν/M − 1
3
〈q¯q〉2
− 1
32π4
〈αsGG〉
∫ T/4
0
(
1− 4β
T
)
e−4β(1−4β/T )/M
2−8βz/(TM)dβ,
F2 = −e
2Λ¯/M+m2Λ/T
2fΛbfΛ
∫ νc
0
dν
∫ 2νz
0
dsρ2perte
−s/T−ν/M
+
1
8π4
〈αsGG〉
∫ T/4
0
(
1− 4β
T
)
β
M
e−4β(1−4β/T )/M
2−8βz/(TM)dβ, (24)
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where
ρ1pert =
1
32π4σ3
{−2z3σ3 − [−s + z(ν + 2z)]3 + 3z2[−s + z(ν + 2z)]σ2},
ρ2pert = −
1
64π4σ3
[s− 2z2 + z(−ν + σ)]2[νs + 8z3 − 4z2(−2ν + σ)− 2z(−ν2 + 5s+ νσ)],
σ =
√
−4s + (ν + 2z)2 . (25)
Here z =
pΛ·pΛb
mΛb
=
m2Λb
+m2Λ−q
2
2mΛb
(qµ = pµΛb − pµΛ) and the Borel parameter M = 4Tmb . For the
other relevant conventions and notation, we refer to Ref. [30]. In Figs. 1 and 2 we show
the form factors F1 and F2 as a function of the Borel parameter M =
4T
mb
for Λb → Λη(′),
respectively. In Λb → Λη(′), F1 = 0.510(0.514) and F2 = −0.058(−0.060) for M = 1.5,
F1 = 0.476(0.481) and F2 = −0.084(−0.088) for M = 1.7, and F1 = 0.473(0.479) and
F2 = −0.117(−0.122) for M = 1.9 . The BRs of Λb → Λη′ and Λb → Λη versus ξ ≡ 1Nc for
different values of the Borel parameter M = 4T
mb
are shown in Fig. 3 and Fig. 4, respectively.
Our result shows
B(Λb → Λη′) = (5.0− 14.5)× 10−6 , (26)
and
B(Λb → Λη) = (5.8− 13.7)× 10−6 . (27)
For ξ = 1/3 (i.e., Nc = 3) and M = 1.7 GeV, B(Λb → Λη′) = 8.93 × 10−6 and B(Λb →
Λη) = 9.15 × 10−6. We recall that in the case of B → Kη′ a small value of ξ (ξ ≤ 0.1)
is favored to fit the experimental data on the BR in the framework of the generalized
factorization [8, 21, 23, 29]. In the figures the shaded region denotes the case of ξ ≤ 0.1 ,
favored from the analysis of B → Kη′. For ξ = 0.1, B(Λb → Λη′) = 11.17 × 10−6 and
B(Λb → Λη) = 10.83× 10−6.
We note that the BR of Λb → Λη is similar to that of Λb → Λη′, in contrast to the case of
B → Kη(′) where the BR of B → Kη is about an order of magnitude smaller than that of
B → Kη′. This difference mainly arises from the fact that in the factorization scheme, the
decay amplitude for Λb → Λη(′) consists of terms proportional to 〈η(′)|O|0〉〈Λ|O′|Λb〉 only
(see Eq. (16)), while the decay amplitude for B → Kη(′) consists of terms proportional to
〈K|O˜|0〉〈η(′)|O˜′|B〉 as well as terms proportional to 〈η(′)|O|0〉〈K|O′|B〉 [8, 21, 23]. (Here O(′)
and O˜(
′) denote the relevant quark currents arising from the effective Hamiltonian (2).) In the
case of B → Kη(′), the destructive (constructive) interference appears between the penguin
amplitude proportional to 〈K|O˜|0〉〈η(′)|O˜′|B〉 and that proportional to 〈η(′)|O|0〉〈K|O′|B〉,
8
1.5 1.6 1.7 1.8 1.9
M
0.4
0.5
0.6
F 1
(Λ
b→
Λ)
η′
η
FIG. 1: The form factor F1 for the transition Λb → Λ versus the Borel parameter M (= 4Tmb ). The
dotted (solid) line corresponds to the case of Λb → Λη(′).
1.5 1.6 1.7 1.8 1.9
M
−0.2
−0.1
0.0
F 2
(Λ
b→
Λ)
η′
η
FIG. 2: The form factor F2 for the transition Λb → Λ versus the Borel parameter M (= 4Tmb ). The
dotted (solid) line corresponds to the case of Λb → Λη(′).
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M=1.5GeV
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M=1.9GeV
FIG. 3: The BR for the decay Λb → Λη′ versus ξ = 1Nc for different values of the Borel parameter
M = 4Tmb . The shaded region denotes the case of ξ ≤ 0.1, which is favored from the analysis of
B → Kη′ decays.
due to the opposite (same) sign between 〈K|O˜|0〉 ∝ fK and 〈η(′)|O|0〉 ∝ f qη(′): in particular,
f sη = −112 MeV, while f sη′ = +137 MeV (see Eq. (15)). However, in the case of Λb → Λη(′),
there is no such interference between terms in the amplitude because the amplitude contains
terms proportional to 〈η(′)|O|0〉 ∝ f q
η(
′) only
2.
In the pole model [31, 32], the form factors are given by
Fi(q
2) = Ni
(
ΛQCD
ΛQCD + z
)2
, (i = 1, 2) (28)
where ΛQCD ∼ 200 MeV and z = pΛ·pΛbmΛ
b
. Using N1 = 52.32 and N2 = −13.08 , we obtain
the values of the form factors: F1(q
2) = 0.225 (0.217) and F2(q
2) = −0.056 (−0.054) for
q2 = m2η′ (m
2
η). We note that the magnitudes of these form factors are less than a half of
those obtained in the QCD sum rule method. This would result in the fact that the BRs for
Λb → Λη(′) predicted in the case of the pole model are quite smaller than those predicted in
2 In fact, in Λb → Λη(′) there is some interference between the penguin amplitudes proportional to fuη(′) and
f s
η(
′) (see Eq. (16)). But, it turns out that the interference does not make a sizable difference between the
BRs of Λb → Λη′ and Λb → Λη .
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0.0 0.5 1.0
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0
5
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BR
(Λ
b→
Λη
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6
M=1.5GeV
M=1.7GeV
M=1.9GeV
FIG. 4: The BR for the decay Λb → Λη versus ξ = 1Nc for different values of the Borel parameter
M = 4Tmb . The shaded region denotes the case of ξ ≤ 0.1, which is favored from the analysis of
B → Kη′ decays.
the case of the QCD sum rule approach. Indeed, the BRs for Λb → Λη′ and Λb → Λη are
estimated to be
B(Λb → Λη′) = (1.7− 4.0)× 10−6 , (29)
and
B(Λb → Λη) = (1.8− 3.5)× 10−6 , (30)
which are about a quarter of those estimated in the QCD sum rule case. For ξ = 1/3,
B(Λb → Λη′) = 2.56 × 10−6 and B(Λb → Λη) = 2.36 × 10−6. For ξ = 0.1, B(Λb → Λη′) =
3.15× 10−6 and B(Λb → Λη) = 2.77× 10−6.
IV. NONSPECTATOR CONTRIBUTION TO Λb → Λη′ DECAY
To simplify the relevant matrix element of the effective Hamiltonian (7) for the baryonic
decay mode Λb → Λη′, we use an approximation method where the strong and weak vertices
are factorized. Therefore, the amplitude of this decay channel, which is depicted in Fig. 5,
11
b

N
B K

0
; J= 
FIG. 5: Schematic diagram for the decay Λb → Λη′(J/ψ) divided into weak and strong vertices.
can be written as:
A(Λb → Λη′) = gΛbNBA(B → Kη′)gΛNK , (31)
where gΛbNB and gΛNK parameterize the strong Λb-Nucleon-B meson and Λ-Nucleon-K
meson vertices, respectively. In fact, an estimate of the product gΛbNBgΛNK can be obtained
by applying the same approximation method to the experimentally measured Λb → ΛJ/ψ
decay mode where the decay amplitude has a similar form as Eq. (31):
A(Λb → ΛJ/ψ) = gΛbNBA(B → KJ/ψ)gΛNK . (32)
Consequently, the ratio of the decay rates for Λb → ΛJ/ψ and B → KJ/ψ can be expressed
as
Γ(Λb → ΛJ/ψ)
Γ(B → KJ/ψ) = (gΛbNBgΛNK)
2mBg(mΛb, mΛ, mJ/ψ)
mΛbg(mB, mK , mJ/ψ)
, (33)
where
g(x, y, z) =


(
1−
(
y
x
)2
−
(
z
x
)2)2
− 4
(
y
x
)2 (z
x
)2
1/2
,
and the second factor on the right hand side is the ratio of the phase space factors for
the corresponding two-body decays. Inserting the experimental values B(Λb → J/ψΛ) =
4.7 × 10−4 and B(B → J/ψK) = 1.01 × 10−3 [33] in the above ratio leads to the following
estimate:
(gΛbNBgΛNK)
2 ≈ 0.55. (34)
On the other hand, the decay rate for B → Kη′ via the nonspectator Hamiltonian (7)
can be calculated as [25]
Γ(B → Kη′) = C
2H2f 2Bf
2
K
384πp4
[
(N2c − 1)2
N4c
]
|~pη′ |3
[
3p2◦|~pη′ |2 + (m2η′ + |~pη′ |2)(p2◦ − p2)
]
, (35)
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where |~pη′ | is the three momentum of the η′ meson, i.e.
|~pη′ | =
[
(m2B +mK
2 −m2η′)2
4m2B
−m2K
]1/2
, (36)
and p◦ is the energy transfer by the gluon emitted from the light quark in the B meson
rest frame. As a result, using Eq. (31), one can calculate the ratio of the decay rates for
Λb → Λη′ and B → Kη′ in terms of the strong couplings gΛbNB and gΛNK :
Γ(Λb → Λη′)
Γ(B → Kη′) = 0.91(gΛbNBgΛNK)
2 . (37)
The numerical factor in Eq. (37) is due to the phase space difference as mB and mK are
replaced by mΛb and mΛ in Eq. (36) for the former decay mode. In fact, as long as the
experimental data (the average of Eq. (1)) is used to constrain the model parameters p0 and
p2 via Eq. (35), the ratio of the rates in Eq. (37) turns out to be quite insensitive to these
parameters. As a result, the change in the numerical factor of Eq. (37) for the reasonable
range of 0.1 − 0.5 GeV is less than 1%. At the same time, the approximation which is
depicted in Fig. 5 leads to the cancellation of all the multiplicative model parameters such
as Nc. Inserting Eq. (34) in Eq. (37) and using the input B(B → Kη′) = (75 ± 8)× 10−6,
which is obtained from the experimental data (1), leads to our estimate of the η′ production
in the Λb → Λ transition:
B(Λb → Λη′) ≈ (37.5± 4.0)× 10−6 . (38)
V. CONCLUSIONS
In this work, we calculated the BRs for the two-body hadronic decays of Λb to Λ and η
or η′ mesons. The form factors of the relevant hadronic matrix elements are evaluated by
two methods: QCD sum rules and the pole model. In QCD sum rules, the sensitivity of
the form factors to the Borel parameter is roughly the same for η and η′. The variation
of F1 is around 7% for the Borel parameter in the range between 1.5 and 1.9. F2 on the
other hand, is quite sensitive to this parameter, changing by a factor 2 approximately, in
the above range. Also, we have checked the variation of the BRs for Λb → Λη(′) with the
effective number of colors Nc in order to extend our results to ξ =
1
Nc
≤ 0.1 range, which is
favored in fitting the experimental data on the B(B → Kη′) in the framework of generalized
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factorization. Our results indicate that the BRs for Λb → Λη and Λb → Λη′ are more or less
the same in QCD sum rules, 9.15 × 10−6 and 8.93 × 10−6, respectively, for M = 1.7 GeV
and Nc = 3.
In the pole model on the other hand, the form factor F1 turns out to be smaller approxi-
mately by a factor 2. However, F2 is roughly the same as in the sum rule case for the smaller
values of the Borel parameter. As a result, the predicted branching ratios in this model,
B(Λb → Λη) = 2.36 × 10−6 and B(Λb → Λη′) = 2.56 × 10−6 for Nc = 3, are significantly
smaller than those obtained via QCD sum rules.
We also made an estimate of the nonspectator gluon fusion mechanism to the hadronic
Λb → Λη′ decay. The purpose is to find the enhancement of the BR of this baryonic decay if
the same underlying process that leads to an unexpectedly large BR for B → Kη′ is operative
in this case as well. We used a simple approach for this estimate where the amplitude is
divided into strong and weak vertices. Our results point to a substantial increase in the BR,
from more than a factor 3 to around an order of magnitude, compared to QCD sum rule
and the pole model predictions, respectively. Future measurements of this Λb decay mode
will test the extent of the validity of these models.
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